Abstract. We report the discovery of fourteen new ZZ Cetis with the 4.1 m Southern Astrophysical Research telescope, at Cerro Pachon, in Chile. The candidates were selected from the SDSS (Sloan Digital Sky Survey) DA white dwarf stars with T eff obtained from the optical spectra fit, inside the ZZ Ceti instability strip. Considering these stars are multi-periodic pulsators and the pulsations propagate to the nucleus of the star, they carry information on the structure of the star and evolution of the progenitors. The ZZ Cetis discovered till 2003 are mainly within 100 pc from the Sun, and probe only the solar vicinity. The recently discovered ones, and those reported here, may sample a distinct population as they were selected mainly perpendicular to the galactic disk and cover a distance up to ≈ 400 pc.
Introduction
The ZZ Ceti stars are pulsating white dwarf stars with an atmosphere of pure hydrogen McGraw & Robinson 1977) . They show multi-periodic oscillations with periods from 70s to 1500s and fractional amplitudes ranging from 0.4% to 30%. They undergo g-mode pulsations caused by the κ-γ mechanisms and the development of a subsurface convection zone due to the opacity bump caused by partial ionization of hydrogen that starts when the cooling white dwarf reaches effective temperatures around 12 000K.
The convection zone stores and enhances the heat exchange due to the pulsations.
The ZZ Ceti class of variable stars is also called DAVs and is the coolest of the three known instability strips in the white dwarf cooling sequence: the pulsating PG 1159 stars, around 200 000-65 000 K (Dreizler et al. 1998; Nagel & Werner 2004; Quirion et al. 2004 ), the DBV, around 25 000-22 000 K (Beauchamp et al. 1999; Castanheira et al. 2005a ) and the DAV, around 12270-10850 K (Bergeron et al. 2004; Mukadam et al. 2004 ).
The ZZ Ceti class presents gradations between the two extremes: the hot DAVs (hDAVs), close to the blue edge of the instability strip, have sinusoidal light-curves with low amplitude (≤2%) and short periods (≤ 300 s). The cool DAVs (cDAVs), close to the red edge of the instability strip, show large amplitude (≤ 30%) long period pulsations (≤ 1500 s), non-sinusoidal light curves because they are distorted by the extended convection zone (Brickhill 1992; Wu 2001; Ising & Koester 2001; Montgomery 2004) . Another important factor in shaping the light curve and defining which periods are excited to observable amplitudes is crystallization of the core (Winget et al. 1997; Montgomery & Winget 1999; Metcalfe et al. 2004; Kanaan et al. 2005) , which for the high mass (above 1 M ⊙ ) white dwarf stars occurs while the star is within the ZZ Ceti instability strip, or before it reaches the strip, depending on the mass and the core composition. Pulsations cannot propagate inside a crystallized core, distorting the period distribution and decreasing the pulsation amplitudes.
There are to date 89 known non-interacting ZZ Ceti stars Castanheira et al. 2005b ) among more than 5400 spectroscopically identified white dwarf stars (McCook & Sion 2003 and Cox (1980) already indicated they are the most common variable star known. Because they are intrinsically faint, M V ≃ 12, the published ones till 2003 are mainly within 100 pc from the Sun, and probe only the solar vicinity. The recently discovered ones, and those reported here, may sample a distinct population as they were selected mainly perpendicular to the galactic disk and cover a distance up to ≈ 400 pc, and the thin disk scale height extends to ≈ 300 pc (Majewski & Siegel 2002) .
White dwarf stars are the end points of evolution of stars in the main sequence up to around 10.5 M ⊙ (e.g. Weidemann 2000), i.e., close to 98% of all stars. Taking into account the observed non-radial g-mode pulsations (e.g. Kepler 1984) are global pulsations, with each pulsation mode constraining the stellar structure in a different way, we can use the pulsations to untangle the structure of the whole star (Winget et al. 1991 Kepler et al. 2003; Metcalfe 2003 ) and even their rates of evolution (Winget et al. 1985; Costa et al. 1999 Costa et al. , 2003 Kepler et al. 2000 Kepler et al. , 2005 Mukadam et al. 2003) . These measured evolutionary rates have been used to calculate the age of the coolest known white dwarf stars, allowing an estimative of the age of the galactic disk (Winget et al. 1987 ) and of a globular cluster (Hansen et al. 2002) . Even more important, pulsating white dwarf stars are excellent laboratories for testing high energy and high density physics, such as neutrino (Winget et al. 2004 ) and axion emission (Córsico et al. 2001; Kepler 2004) , crystallization (Winget et al. 1997; Montgomery et al. 2003) , and even an estimation pulsations, like those found in hot DAVs , and only a small sample of them is known to date.
We are therefore involved in a program to find a significant number of pulsating white dwarf stars, to study their structure through asteroseismology, measure their evolutionary rates, and look for planets orbiting them.
Candidate Selection
The temperatures derived from the optical spectra acquired by the Sloan Digital Sky Survey and fitted to Koester's model atmospheres (Kleinman et al. 2004 ) are good selection criteria to choose candidates for time series photometric searches of ZZ Ceti stars ). The SDSS spectra have in general SNR≃ 30 for g ≃ 18 and we fitted Koester's spectra models from 3800Å to 7200Å (Kleinman et al. 2004) . Unlike the fitting done by Bergeron et al. (1995 Bergeron et al. ( , 2004 ; Koester & Holberg (2001) , which only fit the line profiles and not the continuum, we used the whole spectra from 3800 to 7200Å. The long wavelength baseline, coupled with the SDSS photometric data, and a low order multiplicative polynomial to allow for small flux calibration uncertainties, result in accurate T eff . The selection of this limited wavelength range is to increase the weight of the region with lines, which are log g dependent. Mukadam et al. (2004) ; Mullally et al. (2005) and Castanheira et al. (2005b) show that we can attain 90% probability of variability if we constrain the search range to 11800 K ≥ T eff ≥ 10850 K.
Observations
We The exposure times ranged from 20 s to 40 s, longer than the overhead but still keeping the Nyquist frequency in range with the shortest pulsation periods detected to date.
The data was bias subtracted and flat fielded before we obtained differential photometry through weighted apertures around 2 FWHM (full width at half maximum of the seeing disk), chosen for highest SNR. We observed each star twice for around 2 h each time.
All observations were obtained with a Johnson B filter, considering Robinson et al. (1982) show the pulsation amplitude increases to the blue, and to minimize the background. Kleinman et al. (2004) .
The first pulsator we observed was also observed with Argos (Nather & Mukadam 2004) at McDonald Observatory 2.1 m telescope, to confirm all the observed periodicities we detected, and check validity of the whole observing system (the telescope, the instrument and the software).
Results
In Fig. 1 , we show the light curves on the left panels and the Fourier transform of them in the right panels. In Table 4 we list all runs obtained for each star and the main periodicities detected, i.e., those with a false alarm probability smaller than 1%. A is the square root of the average power, and is an estimate of the noise (Schwarzenberg-Czerny 1991 , 1999 Kepler 1993) .
We also observed the g=18.71 variable discovered by Mukadam et al. (2004) 418.2s@14.9 mma, and 313.6s@13.1 mma, classifying it as a cDAV.
We have also found one star not observed to vary (NOV), WD1359-0034, with a detection limit of 3 A = 2 mma. Its T eff = 10640±32 K is outside the main strip found by Mukadam et al. (2004) , but hotter than their coolest variable. We also confirmed one of the NOVs within the instability strip reported by Mukadam et al. 2004 , WD 1432+0146, with T eff = 11255 ± 73 K and log g = 8.05 ± 0.05, at the detection limit of 3 A = 4 mma. 
Conclusions
We fit the optical spectra acquired by SDSS with Koester's model atmospheres, deriving the effective temperature of the DAs. Selecting to observe with time series photometry those inside the ZZ Ceti instability strip derived by Mukadam et al. (2004) , we detected fourteen new ZZ Cetis, i.e., hydrogen atmosphere pulsating white dwarf stars, in the range 11850 K ≥ T eff ≥ 10850 K.
We do note however that there are 109 stars for which DR3 SDSS have multiple spectra, just from 13000 K ≥ T eff ≥ 10000 K, and the fitting results show that the mean uncertainties is σ T eff ≃ 300 K, and σ log g ≃ 0.21 dex, for the same object but different observations. This is larger than the internal uncertainty of the fits, but in New DAVs found with SOAR general within 3σ of each other -and mostly within 1 or 2σ, as in Kleinman et al. (2004) .
The uncertainties cover a substantial fraction of the instability strip. To really study the purity of the instability strip we need to reduce the uncertainties to less than 200K, but we must take into account the fact that the large amplitude pulsators at the red edge have temperature excursions of around 500 K during one pulsation cycle (Robinson et al. 1982) . As the SDSS spectra on average are 3×900s exposures per observation, it is unlikely that pulsations are causing the 300K differences. Acknowledgements. Financial support: NASA grant, CAPES/UT grant, CNPq fellowship.
